Abstract. Near-infrared reflectance spectra were used to investigate the composition and origin of the various geologic units in the Grimaldi region as well as the stratigraphy of the Grimaldi pre-impact taxget site. The results of our spectral analysis indicate that the portions of the Hevelius Formation that occur in the Grimaldi region are composed of noritic anorthosite and anorthositic noritc. Gabbroic material was excavated from beneath Orientale-related units by small impact craters in three areas in the Grimaldi region. The primary ejecta deposits of the Grimaldi basin as well as the pre-Orientale floor unit are dominated by noritic anorthosite and anorthositic noritc. The peak ring of Grimaldi is composed, at least in part, of pure anorthosite. The anorthosites on the inner ring and elsewhere within Grimaldi were derived from a layer of pure anorthosite that exists at depth beneath a more pyroxene-rich unit.
Introduction
This paper reports the results of an analysis of more than 60 spectra obtained for the area in and around the lunar basin Grimaldi. The region we studied extends from Olbers A crater in the north to the crater Darwin in the south and is bounded on the west by the Orientale basin's Montes Cordillera and on the east by Oceanus Procellamm (Figure 1) .
The Grimaldi basin is a Pre-Nectarian double-ring impact structure centered at 5øS, 68øW [Wilhelms, 1987] . This multiringed basin was identified and described by Hartmann and Kuiper [1962] . Mare basalt fills much of the basin interior to the 230-km-diameter peak ring and is also present in Lacus Aestatis and in the interior of the craters Riccioli and Criiger. A somewhat more irregular outer ring has a diameter of 430 km [Wilhelrns, 1987] .
Near-infrared spectra were collected and analyzed for a wide variety of geologic units in the Grimaldi region. The purposes of this study are: 1) To determine the composition of geologic units in the region; 2) To investigate the composition of highlands materials exposed by the Grimaldi impact event as wall as the stratigraphy of the Grimaldi pre-impact target site; 3) To gain a better understanding of Orientale-related deposits in the region; and 4) To investigate the nature and origin of mare and dark manfling units.
Methods
Near-infrared reflectance spectra were obtained utilizing the University of Hawaii 2.24-m and 60-cm telescopes at the Mauna Kea Observatory (MKO). The Planetary Geosciences indium antimonide spectrometer was used. This insmmaent successively measured intensity in each of 120 or more wavelengths covering a 0.6-2.5 gm re-gion by rotating a filter with a continuously variable band pass. Because Grimaldi is near the western limb of the Moon, the instrument's aperture collected light from a nearly elliptical area of the lunar surface which ranged from about 4 km to 20 km along the major axis. Differential atmospheric refraction limited high-resolution observations to periods when 
Grimaldi-Related Units
Even though Orientale-related deposits cover and obscure primary Grimaldi material in most areas, some spectra were obtained for fresh craters that expose Grimaldi debris. Both Grimaldi DA (diameter = 7 kin) and GA (diameter = 11 km) expose material from the inner or peak ring of Grimaldi basin (Figure 1 ). An analysis of these spectra indicates that either no "1 lira" absorption features exist or that they are extremely shallow bands (Figure 2a North of Grimaldi basin. Cavalerius crater (diameter = 58 kin) exposes highlands material that should have included a high proportion of Grimaldi primary ejecta (Figure 1) . Near-infrared reflectance spectra were obtained for two portions of the interior of Cavalerius (Figure 2b ). Both spectra indicate that the areas for which the spectra were collected are dominated by noritic anorthosite.
Other craters northwest of Grimaldi that have excavated Grimaldi ejecta have spectra that indicate the presence of anorthositic norite or, less commonly, noritic anorthosite. The spectral data presented here show that the Grimaldi ejecta deposit is dominated by anorthositic norite and noritic anorthosite. The results of the spectral studies described above allow the reconstruction of the pre-impact stratigraphy of the Grimaldi target site. The upper portion of the target site was composed of anorthositic norite and noritic anorthosite. These pyroxene-bearing compositions dominate the primary ejecta deposits of Grimaldi as well as the original, pre-Orientale floor unit. Both the Grimaldi primary ejecta material and the floor deposit were derived from the upper portions of the pre-impact target site. In contrast, pure anorthosite was exposed by at least two fresh craters from beneath the surface of massifs in the Grimaldi inner ring. The spectral data indicate that major portions of the inner ring are composed of pure anorthosite. We propose that this peak ring was formed by the rebound of deep crustal material from beneath the Grimaldi transient crater cavity during the modification stage of the basinforming event. In our model, the outer ting represents the main topographic rim of Grimaldi basin. The specuum of Damoiseau D demonstrates that, at least locally, anorthosite must be present beneath the pre-Orientale floor unit. The currently available evidence strongly suggests that the Grimaldi pre-impact target site consisted of a layer of pyroxene-bearing highlands material overlying a crustal unit composed of pure anorthosite. The existence of anorthosite at Damoiseau C, a small crater just outside the Grimaldi outer ring, demonstrates that the Grimaldi transient crater cavity fully penetrated the pyroxene-bearing layer and excavated minor amounts of anorthosite. It is important to note that pure anorthosites have now been identified on the inner rings of OrientMe, Nectaris, Humorum, and Grimaldi basins [Spudis et al., 1984 [Spudis et al., , 1989 [Spudis et al., , 1992 Hawke et al., 1991 Hawke et al., , 1992a Hawke et al., , b, 1993 . In all instances, it appears that the anorthosites have been derived from an anorthosite layer that underlies a more pyroxene-rich unit.
Gabbroic Units
In a previous study [Hawke et al., 1989a] , it was noted that the spectnun obtained for Crager G crater (diameter = 8 kin) was very different from spectra collected for nearby features. The CrOger G specmun exhibits a "1 pan" absorption feature centered longward of 0.95 I•m, indicating a mafic mineral assemblage dominated by high-Ca pyroxene (Figure 2b ). CrQger G is located southwest of Crager crater and is centered on the rim crest of a large, degraded pre-Orientale impact structure northeast of Darwin (Figure 1) . CrOger G exposes material from beneath the deposits eraplaced as a result of the Orientale impact event.
We have now identified material with a mafic assemblage 
